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CLAIMS 

1. A micro-machine switch electrically connecting a first signal line formed 
on a substrate to a second signal line or electrically disconnecting said first signal 
5 line from said second signal line, said second signal line being formed on said 
substrate and having an end spaced away from an end of said first signal line by a 
certain gap, 

characterized by 

a supporter formed on said substrate and having a predetermined height 
10 relative to a surface of said substrate, 

a flexible beam projecting from said supporter in parallel with a surface of 
said substrate, and having a distal end facing said gap, 

a contact electrode formed on a surface of said beam facing said substrate 
such that said contact electrode faces said gap, 
15 a lower electrode formed on said substrate in facing relation with a part of 

said beam, and 

an intermediate electrode formed on said beam in facing relation with said 
lower electrode. 

20 2. The micro-machine switch as set forth in claim 1, wherein said supporter 

and at least a part of said beam are composed of the same electrically conductive 
material and are formed integrally with each other. 

3. The micro-machine switch ae set forth in claim 1, wherein said beam is 
25 comprised of an electrical conductor extending from said supporter and having 
such a length that said electrical conductor faces said lower electrode, and an 
electrical insulator extending from a distal end of said electrical conductor and 
having such a length that said electrical insulator faces said gap, 

said contact electrode being formed on said electrical insulator in facing 
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relation with said gap. 



10 



20 



25 



4. The micro-machine switch as set forth in claim 1, wherein said electrical 
conductors define at least two cantilevers. 

5. The micro-machine switch as set forth in claim 1, wherein said beam 
further includes an upper electrode formed integrally with said electrical 
conductor on said electrical insulator. 

6. The micro-machine switch as set forth in claim 5, wherein said upper 
electrode extends across said intermediate electrode and said contact electrode. 



7. The micro-machine switch as set forth in claim 5, wherein said upper 
electrode and said electrical insulator are formed with a through-hole which 

15 passes through said upper electrode and said electrical insulator in alignment 
with said lower electrode. 

8. The micro-machine switch as set forth in claim 5, wherein said upper 
electrode, said electrical insulator and said contact electrode are formed with a 
through-hole which passes through said upper electrode, said electrical insulator 
and said contact electrode. 



9. The micro-machine switch as set forth in claim 1, wherein said upper 
electrode has a greater thickness than a thickness of said electrical insulator. 

10. The micro-machine switch as set forth in claim 1, wherein said supporter 
has a floating potential. 

11. The micro-machine switch as set forth in claim 1, further comprising at 
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least one second supporter formed on said substrate, and having a predetermined 
height relative to a surface of said substrate, said second supporter being 
connected to said beam through at least one arm projecting from said second 
supporter in parallel with a surface of said substrate. 



12. The micro-machine switch as set forth in claim 11, further comprising: 

a second lower electrode formed on said substrate in facing relation with a 
part of said beam; and 

a second intermediate electrode formed on said beam in facing relation with 
10 said second lower electrode. 

13. A micro-machine switch electrically connecting a first signal line formed 
on a substrate to a second signal line or electrically disconnecting said first signal 
line from said second signal line, said second signal line being formed on said 

15 substrate and having an end spaced away from an end of said first signal line by a 
certain gap, 

characterized by 

a supporter formed on said substrate and having a predetermined height 
relative to a surface of said substrate, 
20 a flexible beam projecting from said supporter in parallel with a surface of 

said substrate, and having a distal end facing said gap, 

an electrical insulator making contact with a lower surface of said beam, and 
extending from said beam in a direction in which said beam extends, 

a contact electrode formed on a surface of said electrical insulator facing said 
25 substrate such that said contact electrode faces said gap, 

a lower electrode formed on said substrate in facing relation with a part of 

Said beam, 

an intermediate electrode formed on said electrical msulator in facing 
relation with said lower electrode, and 
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a reinforcement formed on said electrical insulator at a side opposite to said 
contact electrode in alignment with said contact electrode. 

14. The micro-machine switch as set forth in claim 13, wherein said 
5 reinforcement is composed of silicon. 

15. The micro-machine switch as set forth in claim 13, wherein said 
supporter and at least a part of said beam are composed of the same electrically 
conductive material and are formed integrally with each other. 

0 

16. The micro-machine switch as set forth in claim 13, wherein said beam 
includes at least two cantilevers. 



17. The micro-machine switch as set forth in claim 13, wherein said beam 
further includes an upper electrode formed integrally therewith on said electrical 
insulator. 

18. The micro-machine switch as set forth in claim 17, wherein said upper 
electrode and said electrical insulator are formed with a through-hole which 
passes through said upper electrode and said electrical insulator in alignment 
with said lower electrode. 



25 



19. The micro-machine switch as set forth in claim 13, wherein said 
reinforcement, said electrical insulator and said contact electrode are formed with 
a through-hole which passes through said upper electrode, said electrical 
insulator and said contact electrode. 

20. The micro-machine switch as set forth in claim 13, further comprising at 
least one second supporter formed on said substrate, and having a predetermined 
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height relative to a surface of said substrate, said second supporter being 
connected at its lower surface to said electrical insulator through a second beam 
projecting from said second supporter in parallel with a surface of said substrate. 

21. The micro- machine switch as set forth in claim 20, further comprising: 
a second lower electrode formed on said substrate in facing relation with a 

part of said second beam; and 

a second intermediate electrode formed on said electrical insulator in feeing 

relation with said second lower electrode. 



22. A micro-machine switch electrically connecting a first signal line formed 
on a substrate to a second signal line or electrically disconnecting said first signal 
line from said second signal line, said second signal line being formed on said 
substrate and having an end spaced away from an end of said first signal line by a 
15 certain gap, 

characterized by 

a supporter formed on said substrate and having a predetermined height 
relative to a surface of said substrate, 

a flexible beam projecting from said supporter in parallel with a surface of 
20 said substrate, and having a distal end facing said gap, 

a first electrical insulator having a bottom in a plane in which a bottom of 
said beam exists, and extending from said beam in a direction in which said beam 
extends, 

a contact electrode formed on a surface of said first electrical insulator facing 
25 said substrate such that said contact electrode faces said gap, 

a lower electrode formed on said substrate in facing relation with a part of 
said beam, 

an intermediate electrode formed on said beam in facing relation with said 
lower electrode, and 
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a reinforcement formed on said first electrical insulator at a side opposite to 
said contact electrode in alignment with said contact electrode. 

23. The micro-machine switch as set forth in claim 22, wherein said first 
electrical insulator and said beam are composed of the same semiconductor. 

24. The micro-machine switch as set forth in claim 22, wherein said first 
electrical insulator has a resistance higher than a resistance of said supporter and 
said beam. 

25. The micro-machine switch as set forth in claim 22, further comprising a 
second electrical insulator formed on a lower surface of said beam in facing 
relation with said lower electrode, and wherein said intermediate electrode is 
formed on a lower surface of said second electrical insulator. 

26. The micro-machine switch as set forth in claim 25, wherein said second 
electrical insulator has a thickness smaller than a thickness of said contact 
electrode. 

27. The micro-machine switch as set forth in claim 22, further comprising at 
least one second supporter formed on said substrate, and having a predetermined 
height relative to a surface of said substrate, said second supporter being 
connected to said first electrical insulator through a second beam projecting from 
said second supporter in parallel with a surface of said substrate. 

28. The micro-machine switch as set forth in claim 2 7 3 further comprising: 

a second lower electrode formed on said substrate in facing relation with a 
part of said second beam; and 

a second intermediate electrode formed on said second beam in facing 
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relation with said second lower electrode. 

29. The micro-machine switch as set forth in claim 28, further comprising a 
third electrical insulator formed on a lower surface of said second beam in facing 

5 relation with said second lower electrode, and wherein said second intermediate 
electrode is formed on a lower surface of said third electrical insulator. 

30. A micro-machine switch electrically connecting a first signal line formed 
on a substrate to a second signal line or electrically disconnecting said first signal 
line from said second signal line, said second signal line being formed on said 
substrate and having an end spaced away from an end of said first signal line by a 
certain gap, 

characterized by 

a supporter formed on said substrate and having a predetermined height 
15 relative to a surface of said substrate, 

a flexible beam projecting from said supporter in parallel with a surface of 
said substrate, and having a distal end facing said gap, 

a first electrical insulator making contact with a lower surface of said beam, 
and extending from said beam in a direction in which said beam extends, 
20 a contact electrode formed on a surface of said first electrical insulator facing 

said substrate such that said contact electrode faces said gap, 

a lower electrode formed on said substrate in feeing relation with a part of 
said beam, 

an intermediate electrode formed on said first electrical insulator in facing 
25 relation with said lower electrode, and electrically connected to said beam, and 

a reinforcement formed on said first electrical insulator at a side opposite to 
said contact electrode in alignment with said contact electrode. 

31. The micro-machine switch as set forth in claim 30, wherein said first 
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electrical insulator is formed with a hole, which is filled with an electrical 
conductor through which said intermediate electrode and said beam. 

32. The micro-machine switch as set forth in claim 30, further comprising a 
5 first insulating film which at least partially covers at least one of said 

intermediate electrode and said lower electrode. 

33. The micro-machine switch as set forth in claim 30, further comprising a 
second insulating film which at least partially covers at least one of said contact 

10 electrode and said first and second signal lines, 

34. The micro-machine switch as set forth in claim 32, wherein said first 
insulating film at least partially covers said intermediate electrode, and a sum of 
thicknesses of said intermediate electrode and said first insulating film is smaller 

15 than a thickness of said contact electrode. 

35. The micro-machine switch as set forth in claim 33, wherein said second 
insulating film at least partially covers said contact electrode, and a sum of 
thicknesses of said contact electrode and said second insulating film is greater 

20 than a thickness of said intermediate electrode. 

36. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said lower electrode is formed on said substrate between said supporter 
and said gap. 



25 



37. The micro-machine switch as set forth in claim 3 or 4, wherein said 
electrical conductor is composed of semiconductor. 

38. The micro-machine switch as set forth in claim 5, wherein said 
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semiconductor is single crystal semiconductor. 



39. The micro-machine switch as set forth in claim 37, wherein said 
semiconductor is one of amorphous semiconductor and polycrystal semiconductor. 

5 

40. The micro- machine switch as set forth in any one of claims 1 to 35, 
wherein a surface of said supporter and a surface of said beam form an obtuse 
angle. 

10 41. The micro-machine switch as set forth in any one of claims 1 to 35, 

wherein said intermediate electrode has a thickness smaller than a thickness of 
said contact electrode. 

42. The micro-machine switch as set forth in any one of claims 1 to 35, 
15 wherein at least one of said contact electrode and said first and second signal lines 

is covered with an insulating film which will make capacity connection. 

43. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said substrate is one of a glass substrate and a ceramic substrate. 
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44. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said substrate is a gallium-arsenide (GaAs) substrate. 

45. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said intermediate electrode is electrically connected to said upper 
electrode, and said upper electrode is in an electrically floating condition. 

46. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said lower electrode is comprised of a plurality of electrodes each having 
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the same area by which each of said electrodes faces said upper electrode. 

47. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said upper electrode is comprised of a plurality of electrodes each having 

5 the same area by which each of said electrodes faces said lower electrode. 

48. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said lower electrode is comprised of a plurality of electrodes each having 
the same area by which each of said electrodes faces said upper electrode, and 

10 said upper electrode is comprised of a plurality of electrodes each having the same 
area by which each of said electrodes faces said lower electrode. 

49. The micro-machine switch as set forth in any one of claims 46 to 48, 
wherein each of said upper and lower electrodes comprised of a plurality of said 

15 electrodes defines a comb-shaped electrode. 

50. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said supporter and said beam are covered at their surfaces with an 
insulating film. 
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51. The micro-machine switch as set forth in any one of claims 1 to 35, 
wherein said beam is composed of silicon, and said insulating film is comprised of 
a film formed due to oxidation of a surface of said beam. 

52. The micro machine switch as set forth in any one of claims 1 to 35, 
wherein a thickness of said insulating film on an upper surface of said beam is 
equal to a thickness of said insulating film on a lower surface of said beam. 

53. The micro-machine switch as set forth in any one of claims 1 to 35, 
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wherein said beam has a super-lattice structure having a multi-layered structure 
composed of two or more materials. 

54. Aphased-array antenna comprising at least one phase shifter including a 
5 micro-machine switch for each of bits, characterized by that said micro-machine 

switch is a micro-machine switch defined in any one of claims 1 to 24. 

55. Aphased-array antenna comprising: 

M antennas (M is an integer equal to or greater than 2); 
10 a data distributing circuit; 

M data latching circuits each electrically connected to said data distributing 
circuit; 

M N-bit phase-shifters each electrically connected to both an associated data 
latching circuit and an associated antenna (N is a positive integer); 
15 a power feeder which feeds electric power to each of said phase-shifters; and 

a controller electrically connected to each of said data latching circuits and 
said data distributing circuit, 

characterized in that 

each of said phase-shifters includes a micro-machine switch for each of bits, 
each of said data latching circuits is electrically connected to said micro- 
machine switch of the associated phase-shifter, 

said controller calculates with N-bit accuracy a degree of phase-shifting 
optimal for. directing a radiated beam towards a desired direction, based on 
predetermined location and frequency of said antenna, and transmits the 
calculation result to each of said data latching circuits through said data 
distributing circuit, 

each of said phase -shifters applies a drive voltage to a micro-machine switch 
associated with a bit required by each of said phase-shifters, determines a degree 
of phase-shifting of each of said phase-shifters, alters a phase of a radio-frequency 
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signal in accordance with the thus determined degree of phase-shifting, and 
supplies electric power to each of antennas, 

said micro-machine switch is comprised of a micro-machine switch defined in 
any one of claims 1 to 39. 

5 

56. A method of fabricating a micro-machine switch, comprising the steps of: 

etching a substrate at areas except a first area to thereby turn said first area 
into a raised portion; 

diffusing impurities into said first area and a second area of said substrate, 
10 which second area is a different area from said first area; 

diffusing impurities into a third area which connects said first and second 
areas to each other; 

forming an electrical insulator on said second area; 

forming first and second electrodes on said electrical insulator above said 
15 second area; 

forming a third electrode and a pair of signal lines on a second substrate; 
adhering an upper surface of said first area of said substrate onto said 
second substrate such that said first electrode faces said pair of signal lines and 
said second electrode faces said third electrode; and 

removing areas of said substrate except area into which impurities have 
been diffused. 



20 



57. A method of fabricating a micro-machine switch/comprising the steps of: 

etching a substrate at areas except first and second areas to thereby turn 
25 said first and second areas into raised portions; 

diffusing impurities into said first area, said second area, and a third area of 
said substrate located between said first and second areas; 

diffusing impurities into both a fourth area which connects said first and 
third areas to each other, and a fifth area which connects said second and third 
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areas to each other; 

forming an electrical insulator on said third area; 

forming first and second electrodes on said electrical insulator above said 
third area; 

5 forming a third electrode and a pair of signal lines on a second substrate; 

adhering upper surfaces of said first and second areas of said substrate onto 
said second substrate such that said first electrode faces said pair of signal lines 
and said second electrode faces said third electrode; and 

removing areas of said substrate except area into which impurities have 
10 been diffused. 

58. A method of fabricating a micro-machine switch, comprising the steps of: 
etching a substrate at areas except a first area to thereby turn said first area 
into a raised portion; 

15 diffusing impurities into said first area, a third area, and a second area 

located between said first and second areas; 

diffusing impurities into a fourth area which connects said first and second 
areas to each other; 

forming an electrical insulator across said second and third areas on said 
20 substrate; 

forming a first electrode on said electrical insulator above said third area, 
and further forming a second electrode on said, electrical insulator above said 
second area; 

forming a third electrode and a pair of signal lines on a second substrate; 
adhering an upper surface of said first area of said substrate onto said 
second substrate such that said first electrode feces said pair of signal lines and 
said second electrode faces said third electrode; and 

removing areas of said substrate except area into which impurities have 
been diffused. 

72 



25 



2001. 06. 22 (t) 15:56 



FAXS: 03-5484-3544 



P. 043/047 



59. The method as set forth in claim 58, further comprising the steps of: 
forming a through-hole through said electrical insulator such that said 

through-hole reaches said second area; and 
5 filling said through-hole with an electrical conductor such that said second 

electrode is electrically connected to said second area through said electrical 
conductor. 

60. The method as set forth in claim 58 3 further comprising the step of 
10 covering said first and second electrodes with an electrical insulator 

61. A method of fabricating a micro-machine switch, comprising the steps of: 
etching a substrate at areas except first and second areas to thereby turn 

said first and second areas into raised portions; 
15 diffusing impurities into said first area, said second area, a third area 

located between said first and second areas, a fourth area located between said 
second and third areas, and a fifth area located between said second and fourth 
areas; 

diffusing impurities into both a sixth area which connects said first and third 
20 areas to each other, and a seventh area which connects said second and fifth areas 
to each other; 

forming an electrical insulator extending across said third and fifth areas on 
said substrate; 

forming a first electrode on said electrical insulator above said third area, 
25 forming a second electrode on said electrical insulator above said fourth area, and 
further forming a third electrode on said electrical insulator above said fifth area; 

forming a fourth electrode, a fifth substrate and a pair of signal lines on a 
second substrate; 

adhering upper surfaces of said first and second areas of said substrate onto 
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said second substrate such that said second electrode faces said pair of signal lines, 
said first electrode faces said fourth electrode, and said third electrode faces said 
fifth electrode; and 

removing areas of said substrate except area into which impurities have 
5 been diffused. 



62. The method as set forth in claim 61, further comprising the steps of: 
forming first and second through-holes through said electrical insulator such 

that said first through-hole reaches said third area and said second through-hole 
10 reaches said fourth area; and 

filling said first and second through-holes with an electrical conductor such 
that said first electrode is electrically connected to said third area through said 
electrical conductor and said second electrode is electrically connected to said 
fourth area through said electrical conductor. 

15 

63. The method as set forth in claim 62, further comprising the step of 
covering said first, second and third electrodes with an electrical insulator. 

64. A method of fabricating a micro-machine switch, comprising the steps of: 
20 etching a substrate at areas except a first area to thereby turn said first area 

into a raised portion; 

diffusing impurities into said first area, a third area, and a second area 
located between said first and second areas; 

diffusing impurities into a fourth area which connects said first and second 
25 areas to each other; 

etching said substrate in a fifth area connecting said second and third areas 
to each other to thereby form a recess in said fifth area; 
filling said recess with an electrical insulator; 
forming an electrical insulator on said second area; 
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forming a first electrode on said electrical insulator above said third area, 
and further forming a second electrode on said electrical insulator above said 
second area; 

forming a third electrode and a pair of signal lines on a second substrate; 

adhering an upper surface of said first area of said , substrate onto said 
second substrate such that said first electrode faces said pair of signal lines and 
said second electrode faces said third electrode; and 

removing areas of said substrate except area into which impurities have 
been diffused. 



65. A method of fabricating a micro-machine switch, comprising the steps of: 

etching a substrate at areas except first and second areas to thereby turn 
said first and second areas into raised portions; 

diffusing impurities into said first and second areas, a third area located 
15 between said first and second areas, a fourth area located between said second 
and third areas, and a fifth area located between said third and fourth areas; 

diffusing impurities into both a sixth area which connects said first and third 
areas to each other a seventh area which connects said second and fourth areas to 
each other; 

etching said substrate in an eighth area connecting said third and fourth 
areas to each other to thereby form a recess in said eighth area; 
filling said recess with an electrical insulator: 

forming a first electrical insulator on said third area, and further forming a 
second electrical insulator on said fourth area; 

forming a first electrode on said electrical insulator^above said fifth area, 
forming a second electrode on said first electrical insulator above said third area, 
and further forming a third electrode on said second electrical insulator above 
said fourth area; 

forming a fifth electrode and a pair of signal lines on a second substrate; 
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adhering upper surfaces of said first and second areas of said substrate onto 
said second substrate such that said first electrode faces said pair of signal lines, 
said second electrode faces said fourth electrode, and said third electrode faces 
said fifth electrode; and 

5 removing areas of said substrate except area into which impurities have 

been diffused, 

66. The method as set forth in any one of claims 56 to 65, wherein said 
substrate is composed of silicon, said second substrate is composed of glass, and 

10 said substrate and said second substrate are electrostatically coupled to each 
other. 

67. The method as set forth in any one of claims 56 to 65, wherein said 
second substrate is composed of one of ceramic and gallium-arsenide (GaAs), and 

15 said substrate and said second substrate are adhered to each other through an 
adhesive. 



68. The method as set forth in any one of claims 56 to 65, wherein said 
second substrate is composed of one of ceramics and gallium-arsenide (GaAs), and 
further comprising the step of forming a thin glass film on said second substrate, 
said substrate and said second substrate being electrostatically coupled to each 
other. 
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69. The method as set forth in any one of claims 56 to 65, wherein said step of 
25 removing areas of said substrate includes the step of dipping- said substrate into 
an etching solution having a characteristic of selecting a concentration of said 
impurities, to thereby solve areas into which said impunities have not been 
diffused. 
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